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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention applies [ especially / to EPROM, 
EEPROM, a flash EEPROM, etc. ] about the MIS transistor type semiconductor memory which has the 
two-layer gate electrode of the floating gate and the control gate and is suitable. 
[0002] 

[Description of the Prior Art] The flash memory is known as non- volatile memory in which electric 
writing and elimination are possible. And generally what it has the control gate which allotted the 2nd 
insulator layer and has been arranged between the floating gate arranged through a tunnel oxide film on 
a substrate and this floating gate, and a drain is arranged at the end side of the control gate, and the 
source is arranged at an other end side, and changes is known as basic composition of a flash memory. 
[0003] Drawing 9 (a) Typical operation of a flash memory is explained using - (c). In addition, as for 
drawing 9 (a), (b) shows [ (c) ] what potential is impressed at the time of elimination operation at the 
time of write-in operation at the time of read-out operation. As shown in drawing 9 (a), read-out 
operation gives the right potential of 1-2 V to a drain 108, grounds the source 107, impresses Vcc to the 
control gate 105, and is performed by detecting whether channel current flows. 
[0004] As shown in drawing 9 (b), write-in operation impresses Vcc to a drain 108, grounds the source 
107, impresses the high voltage Vpp (for example, +12V) to the control gate 105, and is performed by 
pouring in a hot electron from a channel / portion between drains to the floating gate 103 throughout a 
period of gate oxide-film 102 by the tunnel effect. 

[0005] As shown in drawing 9 (c), elimination operation impresses Vcc to the source 107, and it is a 
high voltage negative to the control gate 105. - Vpp is impressed and it carries out by drawing out the 
electron of the floating gate 103 to the source 107 by the tunnel effect. In addition, a drain 108 is 
considered as opening at this time. Generally, as shown in drawing 10 , a flash memory 100 is used in 
the form which many bits consisted matrix-like of in circuit. 

[0006] In such a form, in order [ in a flash memory 100 ] to read and to operate writing, voltage is built 
also over the terminal of bits other than the bit chosen at the time of operation (henceforth a non- 
subdevice bit). And the case where it is said that a charge is exchanged with a part for the charge 
attaching part which constitutes this non-subdevice bit, and the terminal which required voltage, and the 
memory currently held is lost arises. 

[0007] This phenomenon is called dace SUTABU in non-volatile memory, and there is drain dace 
SUTABU produced when voltage is built over the drain of the bit which is un-choosing at the time of 
writing among these dace SUTABU. This is explained using drawing 1 1 . As drawing 1 1 writes in, 
shows the non-subdevice bit at the time and shows it in this drawing, the source 107 is grounded, Vcc is 
impressed to a drain 108, and the control gate 105 is made grounding level by un-choosing. In this state, 
high electric field will be impressed to the drain 108 side-edge section of the gate oxide film 102 under 
the floating gate 103. There is possibility that the electron in the floating gate 103 will fall out through 
the gate oxide film 102 as a result. 
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[0008] And since the drain 108 side-edge section of the floating gate 103 is square, as for this drain dace 
SUTABU, electric-field concentration arises at this edge, and the electric-field concentration is 
considered to be caused owing to. For this reason, as shown in JP,5-299662,A or JP,6-237004 S A, the 
method of suppressing drain dace SUTABU is learned for making round the drain 108 side-edge section 
of the floating gate 103, and easing electric-field concentration. 
[0009] 

[Problem(s) to be Solved by the Invention] However, the experiment showed that drain dace SUTABU 
could not fully be suppressed only by only making round the drain 108 side-edge section of the floating 
gate 103 like the method mentioned above, this invention aims at offering the semiconductor memory 
which can fully suppress drain dace TABU in view of the above-mentioned fact. 
[0010] 

[Means for Solving the Problem] Hereafter, it explains based on the analysis result which this invention 
persons performed about the generating mechanism of drain dace SUTABU. In case drawing 6 writes in 
a subdevice bit, it shows the simulation analysis of how depending on which a depletion layer [ near the 
PN junction of the drain 8 in case the predetermined voltage Vd (=Vcc) has been impressed to the drain 
8 of the non-subdevice bit which an electron is stored in the floating gate 3 and connected to the same 
bit line, and a silicon substrate 1 ] spreads. In addition, it is the case where the drain 8 side-edge section 
of the floating gate 3 is not being rounded off in this view, and the carrier concentration distribution 
expresses the breadth of a depletion layer. In addition, the depletion-layer edge to the drain 8 interior is 
lxl015/of abbreviation cm 2 at carrier concentration (electron density) level. It corresponds. 
[001 1] As shown in drawing 6 , the depletion layer has spread respectively in the drain 8 inside the 
substrate 1 side [ near the PN junction of a drain 8 and a silicon substrate 1 ]. Although the depletion 
layer extended into this drain 8 is extended almost in accordance with the PN-junction configuration of a 
drain 8 and a substrate 1, it turns out that the breadth of the depletion layer by the side of a drain 8 is 
large locally in the portion which carries out termination [ near the floating gate 3 (i.e., the front face of 
a substrate 1) ]. Thus, it is formed for the electron stored in the floating gate 3 and an electron [ near the 
depletion layer by the side of a drain 8 (N type field) ] opposing. 

[0012] The field strength distribution property between the silicon substrate 1 in the flash memory 100 
shown in drawing 6 and the floating gate 3 is shown in drawing 7 . In addition, the scale in the 
horizontal axis of this field strength distribution property corresponds to the substrate surface position of 
the two-layer gate type semiconductor memory indicated according to the distribution property all over 
this drawing. As shown in drawing 7 , as for this portion, it turns out that the maximum field strength is 
minute interval gap **** toward the inside of the floating gate 3 from the edge section by the side of the 
drain 8 of the floating gate 3. 

[0013] That is, the maximum field strength of this portion is not the edge section by the side of the drain 
8 of the floating gate 3. Specifically, field strength serves as the maximum from the portion (henceforth 
a depletion-layer edge) A in which the depletion layer by the side of a drain 8 carries out termination in 
drain 8 front face before the drain 8 side edge section of the floating gate 3. That is, field strength 
becomes the maximum when the interval of the space (space except the depletion layer) and the floating 
gate 3 in which a free electron exists among drains 8 becomes the thickness St of the tunnel film 2. 
[0014] If the floating gate 3 and a drain 8 are arranged with a position relation in consideration of the 
relation between this floating gate 3 and the depletion layer extended to a drain 8 at the time of un- 
choosing, drain dace SUTABU can be more effectively suppressed by being able to suppress drain dace 
SUTABU, even if it does not make round the point by the side of the drain 8 of the floating gate 3, and 
making the point of the floating gate 3 round in consideration of the above-mentioned relation. 
[0015] this invention was made based on the above-mentioned artificers 1 analysis result, and fully tends 
to suppress drain dace SUTABU in consideration of the physical relationship of the floating gate and the 
depletion layer in a drain. As a result of artificers 1 further analysis, when the maximum field strength 
between the floating gate and a drain exceeded 7 MV/cm, the leak between the floating gate and a drain 
became remarkable, and it became clear that drain dace SUTABU occurs. Since the maximum field 
strength is over 7 MV/cm so that drawing 7 may show when it mentions above, drain dace SUTABU 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



11/30/03 



Page 3 of 7 



occurs. 

[0016] Below, the maximum field strength property when changing the termination position of a 
depletion layer to drawing 8 (a) to the portion (henceforth Gate Bird's Beak 3a) which the thickness of 
the tunnel film 2 was able to extend by [ this ] having made it round when the edge by the side of the 
drain 8 of the floating gate 3 was made round is shown. As shown in drawing 8 (b), the size of the width 
of face S of the depletion-layer edge A and the direction of a horizontal axis with the portion B (a part 
for the point of Gate Bird's Beak) into which the tunnel film 2 begins to spread shows the scale in the 
direction of a horizontal axis of this drawing 8 (a). When the depletion-layer edge A is located in a 
source 7 side from the portion B into which the tunnel film 2 begins to spread, width of face S becomes 
negative, and when the depletion-layer edge A is located in the opposite side of the source 7 from the 
portion B into which the tunnel film 2 begins to spread, width of face S just becomes. 
[0017] That is, the field (henceforth the Gate Bird's Beak base field) set to Gate Bird's Beak 3a among 
the bases of the floating gate 3 and the field (henceforth a drain depletion- layer surface field) adjacent to 
the front face of the substrate 1 of the depletion-layer 8a of a drain 8 sandwich the tunnel film 2, and if it 
does not overlap, width of face S becomes negative. In this case, there is a portion from which the 
interval of the field and the floating gate 3 in which a free electron exists among drains 8 becomes the 
thickness St of the tunnel film 2. 

[0018] Moreover, if the Gate Bird's Beak base field and the drain depletion-layer surface field overlap 
on both sides of the tunnel film 2, width of face S will just become. In this case, the interval of the space 
and the floating gate 3 in which a free electron exists among drains 8 becomes always larger than the 
thickness St of the tunnel film 2. And when width of face S is a positive value as shown in drawing 8 
(a), the maximum field strength is decreasing rapidly. Therefore, when making it the interval of the 
space and the floating gate 3 in which a free electron exists among drains 8 become always larger than 
the thickness St of the tunnel film 3, the field strength between the floating gate 3 and a drain 8 can be 
decreased. 

[0019] Gate Bird's Beak 3a is only formed in the edge by the side of the drain 8 of the floating gate 3, 
and it does not restrict that the maximum field strength becomes small in a request, but it is necessary to 
form so that the Gate Bird's Beak base field and a drain depletion-layer surface field may overlap so that 
clearly from this result. Moreover, when not forming Gate Bird's Beak 3a, field strength can be 
decreased by taking into consideration the relation to the depletion layer of the floating gate 3 and a 
drain 8 similarly. 

[0020] The above explanation is set to the memory cell of the time of un-choosing, i.e., a drain dace 
SUTABU state. Although the point of making a dace SUTABU improvement as the physical 
relationship between the space (space except the depletion layer) and the floating gates 3 in which a free 
electron exists among drains 8 is controlled and the field strength between the both concerned does not 
exceed 7 MV/cm was explained The space where the free electron in a drain 8 exists at the time of 
selection, i.e., writing, is distributed even in the direction of a channel, and it is necessary to make it not 
reduce drawing speed. 

[0021] Without this Gate Bird's Beak base field and a drain depletion layer specifically, overlapping that 
it writes in by existence of this Gate Bird's Beak, and a property should be made not to be checked, as 
shown in drawing 8 (c), when Gate Bird's Beak 3 a is formed, the position of the boundary B of Gate 
Bird's Beak 3a was written in, and it has specified according to the control gate voltage Vpp at the time 
etc. so that a free electron may be distributed even in the direction of a channel. That is, the thickness of 
the gate insulator layer near [ which a hot electron generates ] the position should just serve as a tunnel 
film. 

[0022] Therefore, in order to attain the above-mentioned purpose, the following technical means are 
adopted. In invention according to claim 1, it is characterized by being set up so that the maximum field 
strength built over the 1st insulator layer (2) at the time of un-choosing may become 7 or less MV/cm in 
a drain (8) and an overlap portion with the floating gate (5). 

[0023] If the maximum field strength built over the 1st insulator layer (2) at the time of un-choosing 
exceeds 7 MV/cm as mentioned above, drain dace SUTABU will occur. For this reason, above- 
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mentioned drain dace SUTABU can be suppressed by making it a setup from which the maximum field 
strength built over the 1st insulator layer (2) in a drain (8) and an overlap portion with the floating gate 
(5) at the time of un-choosing becomes 7 or less MV/cm. 

[0024] The position (A) which carries out termination to the 1st insulator layer (2) of the depletion layer 
(8a) prolonged inside the drain (8) at the time of un-choosing like invention according to claim 2 
specifically It is located in a 2nd field side from the boundary section (B) of the 1st field and the 2nd 
field, and fields other than the field where the depletion layer (8a) was prolonged among the surface 
fields which counter the floating gate (3) of a drain (8) should just touch the 2nd field of the 1st insulator 
layer (2) completely. 

[0025] In this case, it is satisfactory if the maximum field strength it will actually start the 1st insulator 
layer (2) even if the relation between the potential Vd of the drain at the time of un-choosing (8), the 
potential Vfg of the floating gate (3), and the thickness St in the 1st field which is a part for the thin- 
walled part of the 1st insulator layer (2) is /St>7 MV/cm (Vd-Vfg) is 7 or less MV/cm. 
[0026] In invention according to claim 3 to 5 the 1st insulator layer (2) Thickness has the 2nd field 
thickly located in the edge side of the floating gate (3) from the 1st field and this 1st field. So that fields 
other than the field which the depletion layer (8a) extended inside the drain (8) occupies may be 
forbidden from touching the 1st field of the 1st insulator layer (2) among the surface fields which 
counter the floating gate (3) of a drain (8) at the time of un-choosing It is characterized by setting up the 
position of the 1st of the 1st insulator layer (2), and the boundary section (B) of the 2nd field. 
[0027] That is, the same effect as a claim 1 is acquired by controlling the length of the 2nd field so that 
the field which has not been depletion-ized among drains (8) at the time of un-choosing does not contact 
a part for the thin-walled part of the 1st insulator layer (2). It is realizable by specifically controlling the 
amount of oxidization for rounding off the floating gate (3). Moreover, it sets to invention according to 
claim 6 to 8. So that fields other than the field which the depletion layer (8a) extended inside the drain 
(8) occupies may be forbidden from touching the 1st field of the 1st insulator layer (2) among the 
surface fields of the drain (8) which counters the floating gate (3) at the time of un-choosing It is 
characterized by setting up the amount of overlap of a drain (8) and an overlap portion with the floating 
gate (3). 

[0028] That is, the same effect as a claim 1 is acquired by controlling the junction position in the 
longitudinal direction of a drain (8) so that the field which has not been depletion-ized among drains (8) 
at the time of un-choosing does not contact a part for the thin- walled part of the 1st insulator layer (2). It 
is realizable by specifically controlling the range in the ion implantation for forming the longitudinal 
direction diffusion length of a drain (8), or a drain (8). 

[0029] In invention according to claim 9, it sets at the time of selection of a semiconductor memory. 
Fields other than the depletion layer (8a) extended inside the drain (8) exist even in a 1st field side from 
the boundary section (B) of the 1st field and the 2nd field. And it sets at the time of un-choosing [ of a 
semiconductor memory ]. The position (A) which carries out termination to the 1st insulator layer (2) of 
the depletion layer (8a) extended inside the drain (8) is located in a 2nd field side from the boundary 
section (B) of the 1st field and the 2nd field. Fields other than the depletion layer (8a) extended inside a 
drain (8) are characterized by touching only the 2nd field of the 1st insulator layer (2). 
[0030] Thus, even if Gate Bird's Beak (3a) exists, the drawing speed can be prevented from falling, 
while the same effect as a claim 1 will be acquired, if it is made for fields other than the depletion layer 
(8a) extended inside the drain (8) at the time of selection of a semiconductor memory to exist even in a 
1st field side from the boundary section (B) of the 1st field and the 2nd field. Namely, the space (space 
except the depletion layer) where a free electron exists can be in the state where it can be distributed 
even over the channel field between a drain (8) and the source (7). 

[0031] In invention according to claim 10 to 12 So that fields other than the field which the depletion 
layer (8a) extended inside the drain (8) among the surface fields which counter the floating gate (3) of a 
drain (8) occupies may be forbidden from touching the 1st field at the time of un-choosing And at the 
time of selection, it is characterized by setting up the position of the 1st of the 1st insulator layer (2), and 
the boundary section (B) of the 2nd field so that touching the 1st field may be permitted. 
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[0032] Thus, even if Gate Bird's Beak (3a) exists, the drawing speed can be prevented from falling, 
while the same effect as a claim 3 will be acquired, if the position of the 1st of the 1st insulator layer (2) 
and the boundary section (B) of the 2nd field is set up so that touching the 1st field at the time of 
selection may be permitted. In invention according to claim 13 to 15 Fields other than the field which 
the depletion layer (8a) extended inside the drain (8) among the surface fields which counter the floating 
gate (3) of a drain (8) occupies so that it may forbid touching the 1st field of ** at the time of un- 
choosing And at the time of selection, it is characterized by setting up the amount of overlap of a drain 
(8) and an overlap portion with the follow TINGU gate (3) so that touching the 1st field may be 
permitted. 

[0033] Thus, even if Gate Bird's Beak (3a) exists, the drawing speed can be prevented from falling, 
while the same effect as a claim 6 will be acquired, if the amount of overlap of a drain (8) and an 
overlap portion with the follow TINGU gate (3) is set up so that touching the 1st field at the time of 
selection may be permitted. 
[0034] 

[Embodiments of the Invention] Hereafter, the operation gestalt which shows this invention in drawing 
is explained. Drawing 1 shows the operation gestalt which applied this invention to the flash memory 
among the two-layer gate type MOS transistors which constitute non- volatile memory. The cellular 
structure of the two-layer gate type MOS transistor shown in drawing 1 is explained. 
[0035] P- On the mold silicon substrate 1, the floating gate 3 is formed as 1st gate electrode through the 
tunnel oxide film 2 used as a gate insulator layer. And on this floating gate 3, the control gate 5 which 
serves as the 2nd gate electrode through the layer insulation film 4 is formed further, and they are the 
floating gate 3, the control gate 5, and P. - Type silicon-substrate 1 front face is being worn by the side- 
attachment-wall oxide film 6. 

[0036] Moreover, the source 7 and the drain 8 are respectively formed in the both sides of the floating 
gate 3. In addition, an electric-field relief layer is formed in the source 7 and channel field side of a drain 
8 if needed. Furthermore, Gate Bird's Beak 3a for forming the radius-of-circle section is formed in the 
edge by the side of the drain 8 of the floating gate 3. And when the drain voltage Vd takes for a drain 8 
at the time of predetermined writing in spite of having been a non-subdevice bit as shown in drawing 1 , 
it is formed in the state where Gate Bird f s Beak 3a and depletion-layer 8a extended to the drain 8 inside 
overlap. 

[0037] Space (space except the depletion layer) where a free electron exists as shown in drawing 2 is 

made into the state where it can be distributed even over the channel field between a drain 8 and the 

source 7 so that the drawing speed may not fall on the other hand, even if Gate Bird's Beak 3a exists at 

the time of selection of the memory cell concerned, i.e., writing. That is, it is made for the field where 

depletion- layer 8a in the base of Gate Bird's Beak 3 a and a drain 8 does not overlap, and an electron 

exists to overlap in a drain 8 at the thickness St portion and fitness of the tunnel film 2. In addition, 

although the trailer of junction of a drain 8 is made into the channel side with this operation gestalt from 

the portion into which Gate Bird's Beak 3a begins to spread, just let the gate insulator layer near [ which 

a hot electron generates at the time of writing ] the part be the tunnel thickness St. 

[0038] Next, the physical relationship of Gate Bird's Beak 3a and a drain 8 is explained in full detail. 

First, the electric ****** type view at the time of un-choosing in a two-layer gate type semiconductor 

device is shown in drawing 3 . Based on drawing 3 , it can ask for the voltage Vfg in the floating gate 3, 

and voltage Vfg is expressed with the following formula. 

[0039] 

[Equation 1] 

Vfg- (-Q(t)+Cfd-Vd) 

/(Cfd+Cfb+Cfs+Cfg) 

-(Cfg-delta Vt+Cfd-Vd) 

/(Cfd+Cfb+Cfs+Cfg) 

Q (t) : The charge Cfd according to the amount t of writing : The electrostatic capacity Cfb between the 
floating-gate 3 -drains 8 : The electrostatic capacity Cfs between the floating-gate 3 -substrates 1 
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electrostatic capacity Cfg between the : floating-gate 3 -sources 7 : Electrostatic capacity Vd between the 
floating-gate 3-control gates 5 : Voltage deltaVd impressed to a drain 8 : It Cfd(s), Cfb(s) and Cfs(es). 
the amount of floating-gate 3 changes of potential -- here Cfg is a constant uniquely decided by the area 
of the floating gate 3, the thickness of the tunnel film 2, and the specific inductive capacity epsilon of 
the tunnel film 2 or an oxide film 4, and although Vd also has some change, in general fixed voltage is 
impressed. Therefore, Vfg changes with Q (t). 

[0040] Moreover, the maximum field strength Efd (MAX) which may be built over the tunnel film 2 

between a drain 8 and the floating gate 3 can be expressed with the following formulas. 

[0041] 

[Equation 2] Efd(MAX)=(Vd-Vfg)/Sfd(MIN) 

Sfd (MIN): The minimum spacing, thus the maximum field strength Efd (MAX) between the floating 
gate 3 and a drain 8 change with Vfg or Sfd(s) (MIN). And the value of Vfg becomes quite large when 
the amount of writing of the floating gate 3 is large. Moreover, what is necessary is just to enlarge Sfd 
(MIN), in order to make the maximum field strength Efd (MAX) small in this case. 
[0042] by the way, the time of voltage being impressed to a drain, as mentioned above - the drain whole 
-- this potential - not becoming - a drain 8 - an inner depletion-layer 8a field does not become this 
potential For this reason, Sfd (MIN) serves as minimum spacing in the portion except the depletion- 
layer field among the floating gate 3 and a drain 8. Therefore, if actual Sfd (MIN) is larger than the 
thickness St of the tunnel film 2 even if it is under a condition with which the relation of thickness 
St>=7 MV/cm of (Vd-Vfg) / tunnel film 2 is filled when it is assumed that Sfd (MIN) is the thickness St 
of the tunnel film 2, it can be made Efd(MAX) <7 MV/cm. 

[0043] If the Gate Bird f s Beak base field and the drain depletion-layer surface field specifically overlap 
on both sides of the tunnel film 2 under a condition with which the relation of thickness St=7 MV/cm of 
(Vd-Vfg) / tunnel film 2 is filled, actual Sfd (MIN) will become larger than the thickness St of the tunnel 
film 2. Based on this, the physical relationship of Gate Bird's Beak 3a and a drain 8 is set up so that the 
Gate Bird's Beak base field and a drain depletion-layer surface field may overlap on both sides of the 
tunnel film 2 under the above-mentioned condition. 

[0044] Thereby, it can consider as Efd(MAX) <7 MV/cm and drain dace SUTABU can fully be 
suppressed. Moreover, the semiconductor memory shown in drawing 1 is manufactured as follows. 
First, as shown in drawing 4 (a), after forming the LOCOS film 50 for isolation in the predetermined 
field of the front face of the P type silicon substrate 1 (or P type well) alternatively, an about 100- 120 A 
oxide film is formed in the upper surface of the P type silicon substrate 1, it nitrides further and the 
tunnel film 2 is formed. Next, after performing the ion implantation for threshold adjustment, as shown 
in drawing 4 (b), the polysilicon contest layer (1st gate electrode layer) 51, the layer insulation film 4 
which consists of three layer structures of an oxide film / nitride / oxide film, and the polysilicon contest 
layer (2nd gate electrode layer) 51 are formed in the upper part of the tunnel film 2 in order. 
[0045] And the portion used as the gate is made to deposit a photoresist (resist film) 53, this photoresist 
53 is used as a mask, chlorine-based gas performs anisotropy dry etching, and as shown in drawing 4 
(c), the floating gate 3 and the control gate 5 are formed. Then, 02 By ashing and washing, as shown in 
drawing 5 (a), a photoresist 53 is exfoliated. 

[0046] Then, it oxidizes thermally and the side-attachment-wall oxide film 6 is formed. At this time, 
oxidization goes'to the edge of the floating gate 3, and as shown in drawing 5 (b), Gate Bird's Beak 3a 
used as the round configuration is formed in the edge of the floating gate 3. In addition, the size of Gate 
Bird's Beak 3a is controllable by adjusting the time of the thermal oxidation at this time etc. Moreover, 
the formation position of the drain 8 formed after this can be controlled by changing the thickness of the 
side-attachment- wall oxide film 6, and the position of the depletion-layer edge when impressing voltage 
to a drain 8 can be controlled. 

[0047] And these gates electrodes 3 and 5 are used as a mask, ion implantation is performed, and as 
shown in drawing 5 (c), the source 7 and a drain 8 are formed. In addition, since the formation position 
and the formation depth of a drain 8 are controllable by adjusting a dose and a pouring angle in this ion 
implantation, the position of the depletion-layer edge when impressing voltage to a drain 8 or the size of 
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a depletion layer is controllable. 

[0048] Furthermore, although not illustrated, after this, patterning formation of the aluminum wiring 
connected to each electrode is carried out, and a two-layer gate type semiconductor memory is 
completed. Thus, a dose [ in / ion implantation / the size of Gate Bird's Beak 3a is controlled, or the 
thickness of the side-attachment-wall oxide film 6 is changed or ], By changing a pouring angle, 
acceleration energy, etc. and controlling the formation position of a drain 8 etc. (Vd-Vfg) Even if it is 
the case where the formula of thickness St>7 MV/cm of the /tunnel film 2 is filled By setting up the 
physical relationship of Gate Bird's Beak 3a and a drain 8 so that the Gate Bird's Beak base field and a 
drain depletion-layer surface field may overlap on both sides of the tunnel film 2 The maximum field 
strength between the floating gate 3 and a drain 8 can be made into 7 or less MV/cm. Thereby, drain 
dace SUTABU can be suppressed. 

[0049] In addition, in this operation form, although the P type silicon substrate 1 is used, in addition 
when a P type well layer may be formed in this silicon substrate and it uses the electrical conducting 
material of N type using a silicon substrate, the same thing can say. Moreover, although it explained 
when Gate Bird's Beak 3 was formed, even if it is the case where this is not formed, drain dace 
SUTABU can be suppressed by taking into consideration the relation to the edge position of the floating 
gate 3, and the depletion layer of a drain 8. 

[0050] Although the operation form mentioned above explained the case where this invention was 
applied to the flash memory whose gate insulator layer is a tunnel film, this invention is applicable to 
others also by the case of EPROM and EEPROM. Moreover, the length of the floating gate and the 
control gate can apply not only to the stack type memory which is almost the same and has taken the 
laminated structure but to the two-layer gate type memory structure where the length of the floating gate 
and the control gate differs from a formation pattern. 



[Translation done.] 
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fc«TEffi2« (8 a) w^i64mrE^^, iRE» 1 » 
«6^R (2) Ol»E*2«)f*t*-'<-7y7'LTlf' 
4 w t Sr1*»t-f 418**6 tcE««5**fltE*»Ho 
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[0 0 12] I2 7(CH\ 0 6 iZTji-fyy y>A**'J l 

o o ufc»t*->'; 3>sfii i7D-t^ h 3 

tiL$LWQ.mzttfcLX\*->Zo H7U^$n.-5)J: ? ft 
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[0 0 13] o* »), S±m#3fft* J jJ^^g|5^-l±7D 

^° Att&JKIi, Ku*f >8Hco£gJfrt*Kl"f >8S 
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-r<r >fY- hi FM >W«75'J-^**PSlC5rlj, 

fco ±xEL£*£-tcj3^Tti, |2I7 3J»<bfl-*»-6J:-7»ze 
*:m#!*S75 { 7MV/c mtaiT^it* KM 

[0 0 16] oi'i;, 18 (a) i:7D-f^ 

C0A< LtltCJioT h >**BT2«>RJijM£tf<->*t 
(JilT. y-hA-Xt:-?3atwo) uitL 

4f14*^-fo ^ com 8 (a) coflttt^jfijKjsft-S*-?-- 
Mi, 118 (b) iZTjii-X n (;£SJf JggBAi h v*;u 
R 2 34*l£*«i)lii:*!>4«fl-B (r- |w<-Xfc--?co5fc 
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ZMMHAtf h >*jMR2jM£j&«>) (i C*>*gB#B J: *) 

VSHBAd* h >*Jm2**ltA«iJ*6**«fl-B i »> 6 v 
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[0017] oilj, 7D-f^ >^r- h 3coj!SMco 
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s* j iEcoffi-e** t § Kii«***5*«a«ft»Kafci?L 

^Hi7D-j-f h 3 tnmmtf Y >^;H3 

coiSJIS t J: 0 t«H^:§ < «fc ^ ctiltci t) 
7D-f< Y 3 t KUY >• 8F^(Zi5lt^^#^ 

[0 0 19] Ztot&jkfrhWhfrrjiZ*)^ 7H-f^ 
h 3 CO KM > 8fflOJ»»K#uy- h/<-X 
k'-?3a SrJfML^coAT-liS^S^JX^jN^ < ^ 

* f £-llt^-5 0 S^:. y-hA'-Xlf-?3alflliL 

tt^^&iz&^^T i>mmz7 n j h 3 1 y 

U4 > 8<Dm2.l§i l zisifz > M&*%m-fZ>Ztl,zj: t)M, 

[0 0 2 0] fel±co^^fi, #»«B*i-a;b*> > 
f-f ^^-7*#cSco>^&';-t^HCiii/»T > KU'f > 8C0 

7°-t< h 3 4:OWOttltM«t«H|LTS 

B^-r tt>*,s§ii^^tcfcv^Ti± kw > 8rtcoasi; 
^a'ff 41- asm a**- ^ ti * -c-fr* Ltt # a 

[0 0 2 1 ] *frWU{±, Y- hy-t-Xf-^ 3a*I 
«Lfc»^, Kr- Y^-X\£-y<r)^\zi.-oXm% 
Z:?i-%fl£i) t ®M2ti%^i. 9 tzi-'<< , @8 (c) H^ 
till;, Mr- h'<-XX-;rfeWffimt Kl/OS 
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[0 0 2 4] AflsftKli, CTx.lXig^2 HIE<EO%^ 
WiTi:, #»if?B#Ki3V>T YV4 > (8) cortSBUiS 
ITfcaZ* (8 a) OH 1 0*£l§|R (2) »C*J»i-*tl 
a (A) fti <0ffii£i:Sjl2O®J&i:O^#g|$ (B) 
J:»)»2 0li«fl|Ktt«LT*l»>, KU^> (8) 07 
□ -f^/y-F (3) Kttto1-*|tiBW*Odi£ 

(8a) nfet/fzffimwomt&tf, m 1 ojbihk 

(2) O»2Wfii*tc56^c*+fLtfJ:v» 0 

[0 0 2 5] #SiRf$C.J=Ut* KUW > 

(8) <0^fiVdi:7n-f-f>/y-F (3) OJE 
Vf gt, flf)ffi^l (2) ro?fpSl^-C-*4lgl<7) 
S«HiJtt*RJIS t t(?)HgiJ«, /jtx (Vd-Vf 
g) /St>7MV./cmt*ofctLtt > HlgU* 
l<0&i*JK (2) K**»*«**JMt«jS*7-MV/cm 

[0 0 2 6] K**375S5UE«l«3*W»-iJV>rii, 
*1«>«*II (2) 14, SSl^ffiigfc, fSglco^iSi 
0KH* J I?< *o7o-t< h (3) COJSSBOHJ 

Kttm-**2*>fl*i:*::frU KU-f> (8) ovo 
(3) C^tillWon, * 
IWCKU-f V (8) (nftmztolftz&ZM (8 a) 
a&tt«W*iaft0iBi*6<Jftl0ttjeK (2) co^lW 

JftlOJBMkR (2) 
0*1, « 2 oftl* Oig^SB (B) «>tt«i*Kje**ir 

[0 0 2 7] Ojl), *j!iRB#t;J3V>T KU'f > (8) 

wo *>^2jbLTv^v^i^7!) ? ^ i hmm (2) cos 
i±, -7U-7- < yyy- v (3) **.*4fcaoBMk* 

8 C:&*£o£9H:.j3V*Tli, 7n-x-f>rr-h 
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(3) CitfflJi"* KW > (8) ©SB***)?*,, g|= 
S^CKUO (8) ©PittKfftrfcSZJl (8 a) 
©«fea*iR*Jatt«**#RlO«»R (2) 0*1 <o 
»l*i:»1-4 0*»jl:+*J: d KU-f> (8) t7 
n-f-* V^y- h (3) tWt-A-7 7 7HS&ffl* 
- / <- 7 v T'S^U^ $ *LT v> * i t «r #® t + * . 

[0 0 2 8] oiD, *HWi:Uv>TKU-f> (8) 
©^SSffcLT^fcvMMW'RlWfcfftR (2) OJ» 
Lftv»i -5 H KU-f V (8) 0«73(6]tri5 
10 »t£«£-&fi£SW-f actnj: 0iS*«i tmmnfh 
mtmhtiio Kl"f> (8) 

ftEtt**v»li KM > (8) *JBJ8i-«fc»0<f 
ffi A U »t * TBS £ M» -T 4 £ t u J: *) H^T # -6 0 

[0 0 2 9] ***9Ue*0»WU*v»-cii, 
tetg^ttOSS?^Ft:i3V 5 Tli, KU>fv (8) WrtfflJtc 
#tf££glf (8 a) ttfl-OlRi***, &l<75fSi£ig2 
0*«i:fl5«ISiffl (B) J: 9*1 0«*1HH4-Cffft 

-f> (8) ©rtflSKWfcffigJi (8 a) Oftl Qttft 

20 R (2) lC&Jg-f*{£g (A) gl<0^i£i*2<75 
(B) 4 »)*2»ia*«t=tt«L-C, K 
U"f> (8) OF^gBl-W^^Sg^S (8 a) WOW 
* f , ItlOSIHI (2) <0 £ 2 <7)SI&(-<7> it 

[0030] I<0i7i:, **#E«««oa««nz, 
KK> (8) Ort«K#0 f ^SZJI (8a).JSmwtK 
i*7ii f , m\<om^.t^2<r>m^Lt<0^.^ (B) J:^^ 

wom^mhitht^nz, y-i-A-xf-? (3 

30 a) A'ffftLt ()-€-0#*a*jaLSC* , 1B:TL!Scv^J: ^ 
ISfev^fc^rdl) i f Kl"f> (8) tV-X (7) twiao 
*■ 

[0031] is*jR 1 0 JbMi 2 nte«<o%^nij^r 

14, FUO (8) «7n-f-f Y (3) (Ci^ 

|fiH-4*ffi«H*03d*», Kl"f> (8) OrtWKWWfc 

(8 a) <T>^ibi>%mm<r>^mK ftmSiftK 

40 ^B#ui4^l<?)f|^i:S?1-SW**tl : °r?^4J: : 7t-, * 
10« (2) Ogl, *2«>f|iAro«ffffi (B) O 

[0 0 3 2] liOiTi:, iK«i:it«i«)jS«^t 
4ro**»BTS*l*XT»Z. KlOttltBI (2) 0*1, 

*2oa*«3**a (b) offinanGHesfLTviftur. 

f-i' (3 a) 75 { ffftLTt-e-(0»§ii<^i$S^f&TL 
4'V»«totcr-§-5 0 «*«1 3M1 5UE«056W»z 
isu^-Cti, KUY> (8) <r>yu-7-< V 
50 (3) Ui=j-|S]1-*SffifI«0 9 *>, Kl/-f > (8) <0|*J 



(7) 
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mz#vtz&2m (8 a) (D^tbhmmx^^m^ 

KL"f> (8) t7to-f^ > ^r- h 
(3) tO*-/<7!y^«»0*-/<^y^ , 4A«E5eS 

*iTv**i LT^* 0 
[0 0 3 3] a«i*^(±KH offltttSfi- 

£0**H=*TS*i£J:$t::, KU-f> (8) h7tn-r 

(3) tOtw<7^«*OtW<7 7 

*t££:*K, y-h^-Xt:-^ (3a) WSLTt 
[0 0 3 41 

[0 0 3 5] P-fl'>'j3>i«i±i:, ^-h*6^IS 
T7n-fO^-F 3 75M^tt^o fit, 

5* f »fiS;S<xTiJ»). 7o-f < h 3 ^ > h 

[0 0 3 6] S/j, yn-x^ >^y- h 3 OMfflflHii 
v-*7, >8rt*#*J&SS*i-CV»* 0 # 

SKJEtTV-* 7. KU>f > 8 0^-v*;u®«lHt-|i * 
V f g = (-Q ( t ) +Cf d- 
/ (Cf d + 
- (C f g • A V t +C f 
/ (Cf d + 

Q (t) : t Kfi5i;rt:«ffif 

C f d :7D-f-f >^r- h 3- Ku-f >8raio^ 

C f b : 7D-t>f h 3-S«inom$ 

s 

Cfs : 7D-f^ > 7Y- F3-V-X 7ra^iS 
Si 

Cfg : 7o-f y?Y- b 3 -3 > h n-;uy- 

vd : k w >8 uenjDS*i£ttJE 

A Vd : 7u-t<< >/y- h 3 ^EO^ftS: 

Cf d, Cf b, Cfs, Cfgti, ya-i- 

ft-C**), Sfc, Vd i£^£ft*±*ft^fc«fc-jg 

<7>«E3»*enJrasft.& 0 ffl£o-c\ vf giiQ (t) iao 
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fc«#K*5v*-£\ r- hy<-Xh:-^ 3ai KU-f > 8 
[0 0 3 7] SR^-t'J-bfl'OBKIS, 1-£;b*> 

-^3 zOJ&mt KU>f >8rtOS218 a***-/*^ 

[0 0 3 8] y- h/N'-Xtf-^ 3at KU>f > 

8^ffif|»«i:o^rBiEt-&o ST. HI3tc2®r- 

*^i"o 13 tZ*o*# % 7D-f -f >>f¥- h 3 U*3tt 
^IEV f gm*:i«i, mJEV f r(±**t- 

[0 0 3 9] 

Vd) 

Cfb + Cfs+Cfg) 
d * Vd) 

Cfb + Cfs+Cfg) 

[0 0 4 0] itz* KU^f>8^7n-7r/ 7Y- h 

f d (MAX) J±tlTOtt*-CSE-ti:*o 
[0 0 4 1 ] 

« [S2] Ef d (MAX) = (Vd-Vf g) /Sf d 
(M I N) 

Sfd (MIN) :7D-7^^-h3, KU-f> 
8 WIO*/NWI« 

COi^i:, t*W»SEf d (MAX) liVf 
Sfd (MIN) (l<toT^fb-r^o *LT, 7n--r 
0/y-F3^tJ^i^Jv^H(i, Vfg 

SEf d (MAX) <i"*3&U«iS f d (MI 

n) i±z <ttiin^ 0 

50 [0 0 4 2 ] tZZX'* mmLtzXi^ Y\s4>\Z\ 



(8) 
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144 <. KW > 8 -5 *>OSZJB 8 a»«lira«fi[U(± 
4S>4v\> :MASf d (MIN) 14, 7n-f'f > 
^y- b 3 t KU>f >80d%a^««*|fcv>fctt# 
K*»t&«'WWHi:44o ttoT, Sf d (MIN) *« 

F>*^R20WS t -CA*fcffiJcL*:»fi\ (Vd 
- V f g) / b >*/l/R2 t ^7MV/c mO 

RI«tSlfctJ:o4*ftTt*oT4, tSOS f d 

(MIN) tfh >*;HH2 0RIS S t 4 *5 fc^^ttn 
(4. Efd (MAX) <7MV/cmCt4:i:«l 

[0 0 4 3] (V d - V f g) / h 

12 t = 7MV/cmO|HHIiIfctJ: ^ 4& 

ftTKJ3V*T\ y- h^<-Xtf-^fi£ffiS«fc Kl/^f > 
SS»§tW*** f h f*;uR2 ><5 ? 

Tw^tLtf, HUROS f d (M I N) 14 h >*;uR2 <DR 
US t 4 *) < 4* Q CtiC^o^. ±E*ftT*c 

jsv*-C\ y- W<-Xtf-^/£ffia«4: >ffi2« 

icy- h/<-Xtf-^ 3 a 4: KU>f > 8 <Offi11Hff*tt 

[0 0 4 4] ClttU40, Efd (MAX) <7MV/ 

BI±£lT<0J:3KLTtt»S*i4o 14 (a) K 

/u) O«HOBr3e»«ti*T-5Mftffl^L0C0SR5 0 
1 0 0- 1 2 0 A*>»ftR*«*U S^)i:afkLTh 
W >-r- y a >Srfrofc8L B4 (b) tc^rf 

y-MSi) 5 K MffcR/afkR/BffcR*>Z»« 

[0 0 4 5] fit, 7tM/y^h (1/yXhR) 5 
3 fcy- h t4*«*iC*fl|S*, Z<Dy* b h 
5 3 ^^dLT, *?^14Kv^ 
■y^^^SrlTV^, B4 (c) l^ti^^n-f >f > 
yy- h 3 t3> Fn-^r- h 5«t^ 0 -to 
ft, 0z77y>^tft»i:j:i5, H 5 (a) 1^1" 4 
. -9^-7* h l/->7 h 5 3 Sr*jati-&o 

[0 0 4 6] JBLRffctLT, flfittfl:R6*)& 

j£1-£ 0 CC0i:£, 7n-x>f >^*y- b 3^»«S-C 
»ffc**«^, 95 (b) Utf-T4^U. 7n-fr/y 

y- h a^sBfflmi^Li ofc«ttk«:*y- h^-xtf 

^PIi5i-^Ci:T-y- hA-Xt-^ 3 a O*85ti 
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[0 0 4 7] fit, wfL(by-h®ffi3, 5£v*^ 
(c) U5r*-4dK, K U-f > 8 

-Xft^7±AftjS£P&ir £Cit~4 *K KU^>80 

[0 0 4 8] i^L^v^f:^ #mffitc« 

g^^^7;^E^/^-->/MLt, 2^y- 
Ka**#IE«*«l4^flti-*o -*>4dfc, y-h/< 

Rff*sefts-*Xf4>f *w >y7>f-y3 >ic43tt 

U>f > 8 0JK/fitt«*»J»L/w 0-T^>- <b^tc4 0 , . 
(Vd-V f g) / b >*^R2^Rlf S t >7MV/ 
c m^^i/:«^*oT(), y-h/N'-Xif-^ 

20 mmffii&t vu<< zsm^Mimffl&tfb >*^R2 

A,-C*->><7 y 4 ? tzy- F/<-Xtf-^ 3 a 

KU>f >8 0tt«H«£K£1"&c:&"t\ 7P-f^f> 
yy- h3tKU>f>8 fcOMO**K#5fiJK«r 7 M V 

[0 0 4 9] 445, **tt}gffiK4iV*T«U PI">^ 
lOy'JnyMfiCPi^iiH^IffiLTtJ: 

30 tf^z_h Q itz, y- h^-Xfcf-^ 3 *Jgj£Lfc»# 
U*3v^-cltt^ Lfc**. wfLSr®ti6:Lrv^4v^»^"C*>o 
Tt, 7D-f >^y-h3<7)x 7 yfi:li: KU^> 
8^£g»K43»t&Hff*#«1-&- ^ t-4 ») KU-f > 
f 4 ^ * - "XtWiBiJ-t- £ C t S h o 
[0 0 5 0] ±iELfc*Jfi«ffl-C«4. y- Hft»R**h 

^^PflL/:^ fCEPROM, EEPROMOi^ 

^y- h t n > hn-;uy- h<75«SSvM4©flc/<^- 
>*>!I4* 2^y- hS^^'JUitt^aMffi-e* 

[1 1 ] *«WW-*tt^fflU*»t4 2MY- hM¥i» 
50 g|-C4>-5)o 
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[113] Ml t:£tt* imY- hffl¥*fWEtt*«0« 
[15] B3i:«<, 2«y- ha***E**6«^« 

[0 7] .H5^*i-2«y- hffl*»*E**«HiJv» 

[SI 8] Y \s 4 y&SMtY-Y^-X}*- 9 



10 
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[0 9] 7 7 7 y a > ^ >; OfiM??0 /: i6fO(|ti 
[110] ttftBEWS*tfc»^iJ»t4 21^- 
[011] KU^>7 , ^^"rMi*RWt-&t*<0 

l-P-fiy'j3>»K, 2-h>*;w»fkR, 3-7 
n-x^ y?Y- h „ 3 a-y- F/<-Xf-^, 5 - 
3> hn-;wy- K 6-«M*fML 8 



[II] 



[13] 




1 :S/*ja>M * 

2 : h>*A« 

3 : ^o—r-O^y-h 

4 :IMUI 

7 : y-X 

8 : Ku-r> 



ill Cf« 



Cfa 



Vfg- 



Cf b 



Cf d 



6 
Vd 



[H2] 



VCQ 




V— X 



8 : KU-f > 
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